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Background: Neurogenic intermittent claudication and degenerative low back pain caused by lumbar
spinal stenosis (LSS) often occur after the age of 50 years and represent one of the most common
degenerative spinal diseases of the elderly. We reviewed medical records and radiographs for patients
with LSS who received an interspinous process device (IPD) between October 2009 and December 2010.
The aim of the study was to evaluate surgical outcomes for decompressive surgery involving IPD
implantation.
Methods: We reviewed data for 62 patients who were treated with decompressive surgery and IPD
(Coﬂex or DIAM). Neurogenic signs after surgery are important indicators. The patients were examined
the day before, 2 weeks after, and 3 months after surgery. Pain was measured according to a visual analog
scale (VAS) and neurologic changes were recorded.
Results: Postoperative assessments at 2 weeks and 3 months after surgery included pain and neurologic
scores and a patient satisfaction survey. For some groups we observed a signiﬁcant improvement
(p < 0.05) in back pain according to the VAS.
Conclusion: Symptom relief on forward ﬂexion is a key indicator for prognosis. Interspinous implants
offer signiﬁcant, long-lasting symptom control and IPDs are safe and effective devices for LSS.
Copyright  2013, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Low back pain and neurogenic intermittent claudication (NIC)
caused by lumbar spinal stenosis (LSS) often occur after the age of
50 years1. LSS is one of the most common degenerative spinal
diseases2 and the most common indication for lumbar spinal sur-
gery among the elderly. A combination of disc degeneration,
bulging of the annulus, facet joint hypertrophy, and thickening of
the ligamentum ﬂavum3,4 contribute to narrowing of the spinal
canal and/or lateral foraminal recesses5e7. However, especially
among the elderly, major surgery can lead to complications, so
minimally invasive surgery remains an important option8. As a
result, interspinous process distraction, mainly using an inter-
spinous spacer, is now widely used.terest.
nt of Neurosurgery, Mackay
Road, Taipei 10449, Taiwan.
i).
iwan Society of Geriatric EmergenA growing number of interspinous process devices (IPDs) are
currently under investigation. IPDs are inserted with or without
open decompression to treat symptomatic LSS. The DIAM and
Coﬂex IPDs have already been evaluated for the management of
intermittent neurogenic claudication secondary to LSS. The inser-
tion procedure is technically simple, low-risk, and fast. However, a
question remains regarding the surgical indications that beneﬁt
patients. To this end, we investigated correlations between surgical
indications and improvement in symptoms, especially neurogenic
pain. In this retrospective study we evaluated surgical outcomes for
different criteria, including age, sex, symptom relief on forward
ﬂexion (SRFF), discectomy, and spondylolisthesis. Here we present
our ﬁndings for 74 IPDs implanted in 62 patients.2. Materials and methods
In this retrospective study, we collected chart data for 62 pa-
tients suffering from low back pain with intermittent claudication
due to degenerative disease of the lumbosacral spine. Thesecy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Comparison of pain scores by age and sex.
Group comparison Pain score Pearson c2
Age 50 y (n ¼ 46) vs. <50 y
(n ¼ 16)
2 wk after surgery 0.783
3 mo after surgery 0.404
Score 2 wk after surgery
epreoperative score
0.889
Score 3 mo after surgery
epreoperative score
0.348
Male (n ¼ 24) vs. female
(n ¼ 38)
2 wk after surgery 0.881
3 mo after surgery 0.917
Score 2 wk after surgery
epreoperative score
0.804
Score 3 mo after surgery
epreoperative score
0.847
Table 2
Comparison of pain scores according to device type and number of devices
implanted.
Group comparison Pain score Pearson c2
Coﬂex (n ¼ 37) vs. DIAM
(n ¼ 25)
2 wk after surgery 0.157
3 mo after surgery 0.242
Score 2 wk after surgery
epreoperative score
0.181
Score 3 mo after surgery
epreoperative score
0.112
Placement of one (n ¼ 50) vs. two
(n ¼ 12) devices
2 wk after surgery 0.608
3 mo after surgery 0.693
Score 2 wk after surgery
epreoperative score
0.593
Score 3 mo after surgery
epreoperative score
0.600
Table 4
Comparison of pain scores for groups with and without discectomy.
Pain score Discectomy
(n ¼ 43)
No discectomy
(n ¼ 19)
Pearson c2
Score 2 wk after surgery
epreoperative score
4.44  1.517 4.32  2.849 0.224
Score 3 mo after surgery
epreoperative score
4.00  1.431 5.53  1.073 0.001
2 wk after surgery 0.517
3 mo after surgery 0.023
Table 5
Comparison of pain scores for groups with and without symptom relief on forward
ﬂexion (SRFF) with and without discectomy.
Group comparison Pain score Pearson c2
SRFF with vs. without
discectomy
2 wk after surgery 0.038
3 mo after surgery 0.171
Score 2 wk after surgery
epreoperative score
0.040
Score 3 mo after surgery
epreoperative score
0.015
No SRFF with vs. without
discectomy
2 wk after surgery 0.849
3 mo after surgery 0.952
Score 2 wk after surgery
epreoperative score
0.849
Score 3 mo after surgery
epreoperative score
0.952
Surgical IPD Criteria for Lumbar Stenosis 227patients underwent decompressive surgery with IPD placement
between October 2009 and December 2010. The patients were
examined the day before, 2 weeks after, and 3months after surgery
using a visual analog scale (VAS) for pain, and neurologic changes
were recorded. We used SPSS version 16.0 (SPSS Inc., Chicago, IL,
USA) for statistical analysis and p< 0.05 was considered signiﬁcant.
This study was approved by the Institutional Review Board of
Mackay Memorial Hospital. IPDs are indicated for use in patients
aged 50 years who are experiencing moderately impaired phys-
ical function secondary to NIC as a result of LSS. However, the
population affected by LSS is increasing so we also collected data
for patients aged <50 years who suffered from NIC. IPDs may be
implanted at one or two stenotic lumbar levels. Candidates for IPD
placement must report alleviation of claudication on lumbar
ﬂexion, with or without back pain, and have undergone at least 6
months of failed non-surgical treatment.
Contraindications to IPD placement include: (1) allergy to tita-
nium or ﬁber; (2) spinal anatomy or disease that would prevent
implantation or cause instability; (3) cauda equina syndrome; (4)
severe osteoporosis; and (5) active systemic infection or localized
infection at the site of implantation.
The device is typically implanted when the patient is under
general anesthetic and lying in the prone position. Patients areTable 3
Comparison of pain scores for groups with and without symptom relief on forward
ﬂexion (SRFF).
Pain score SRFF (n ¼ 38) No SRFF (n ¼ 24) Pearson c2
Score 2 wk after surgery
epreoperative score
5.03  2.187 3.42  1.10 0.000
Score 3 mo after surgery
epreoperative score
5.42  0.826 2.96  0.999 0.000
2 wk after surgery 0.000
3 mo after surgery 0.000required to maintain a ﬂexed position to aid in distraction of the
spinous processes. Surgical levels are ﬁrst correctly identiﬁed using
ﬂuoroscopy. The soft tissue is dissected to the fascia and the fascia is
incised longitudinally to the right and left of the midline. Great care
is taken to maintain the integrity of the supraspinous ligament. The
appropriate surgical level is then reveriﬁed via ﬂuoroscopy. Dis-
cectomy was performed on a number of patients. A distractor is
placed while the patient maintains spinal ﬂexion. The spinous
processes are then distracted until the proper IPD size is deter-
mined by an indicator on the distraction instrument. Proper posi-
tioning of the IPD is veriﬁed via anteroposterior and lateral
ﬂuoroscopy prior to closure. Patients are typically discharged from
the hospital 7 days after surgery. We evaluated several criteria to
gain an insight into the prognosis for different indications.
The study included 24 males (mean age 54 years) and 38 fe-
males (mean age 54.7 years). Among these, 46 patients were aged
50 years and 16 patients were<50 years. The DIAM (Medtronic-
Sofamor Danek) was used in 25 patients and the Coﬂex (Paradigm
Spine Inc., Germany) in 37 patients. Some 50 patients received one
IPD and 12 patients received two IPDs. Before surgery, 38 patients
had SRFF, while 24 patients experienced pain on forward ﬂexion.
Forty-three of the patients underwent laminotomy and discectomy,
while 19 underwent laminotomy alone. We also evaluated the
relationship between SRFF and discectomy. We analyzed the data
for 10 patients who suffered from Grade I spondylolisthesis.Table 6
Comparison of pain scores for groups with and without discectomy for patients with
symptom relief on forward ﬂexion.
Pain score Discectomy No discectomy Pearson c2
Score 2 wk after surgery
epreoperative score
5.4762  1.1670 4.4706  2.9605 0.040
Score 3 mo after surgery
epreoperative score
5.0952  0.8890 5.8235  0.5285 0.015
2 wk after surgery 0.038
3 mo after surgery 0.171
Table 7
Comparison of pain scores for patients with (n ¼ 10) and without (n ¼ 52)
spondylolisthesis.
Pain score Pearson c2
2 wk after surgery 0.453
3 mo after surgery 0.139
Score 2 wk after surgeryepreoperative score 0.739
Score 3 mo after surgeryepreoperative score 0.679
Table 8
Comparison of pain scores for spondylolisthesis patients with (n ¼ 6) and without
(n ¼ 4) symptom relief on forward ﬂexion (SRFF).
Pain score Pearson c2
2 wk after surgery 0.065
3 mo after surgery 0.038
Score 2 wk after surgeryepreoperative score 0.309
Score 3 mo after surgeryepreoperative score 0.076
J.-F. Lin, C.-C. Tsai2283. Results
None of the patients experienced worsening of neurological
defects. However, our focus was on improvements. We divided the
patients into age groups of 50 years and <50 years. We observed
no signiﬁcant differences in results between these age groups or
betweenmales and females (Table 1). Comparison of pain scores for
the Coﬂex and DIAM devices revealed no signiﬁcant differences
(Table 2). Of the 62 patients assessed, 50 received one IPD and theFig. 1. Spinal status (A) before and (B) aremaining 12 received two IPDs. These were no signiﬁcant differ-
ences in pain scores between these two subgroups (Table 2).
The results in Table 3 reveal a signiﬁcant difference when pa-
tients used forward ﬂexion and their neurologic signs at ﬁrst dis-
appeared. However, the role of SRFF in prognosis is not clear.
Further analysis revealed better results for patients with SRFF than
for patients without SRFF at both 2 weeks and 3 months after
surgery. In Table 3, we noticed a signiﬁcant difference between the
two subgroups, whether or not there were symptoms and signs
after forward ﬂexion. At ﬁrst, we were uncertain which subgroup
fared better, but after we compared the average difference of VAS at
2 weeks and 3 months after surgery, we realized that forward
ﬂexion free improved the condition of the patients. At 2 weeks after
surgery, the results were better for patients who underwent dis-
cectomy. However, 3 months after surgery, the results were better
for patients who did not undergo discectomy (Table 4).
Table 5 compares pain scores for SRFF and discectomy sub-
groups. For patients without SRFF, there was no signiﬁcant differ-
ence between subgroupswith andwithout discectomy. For patients
with SRFF, there was a signiﬁcant difference between subgroups
with and without discectomy. Table 6 reveals that discectomy was
advantageous 2 weeks after surgery for SRFF patients. However,
after 3 months the outcome was even better without discectomy
for SRFF patients. Tables 7 and 8 present comparisons for patients
with spondylolisthesis. No signiﬁcant differences were observed.
Figs.1 and 2 demonstrate the differences after IPD placement for
the Coﬂex and DIAM devices, respectively. Increases in neurofora-
men height are evident.fter implantation of a Coﬂex device.
Fig. 2. Spinal status (A) before and (B) after implantation of a DIAM device.
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LSS is one of the most common diseases among the elderly. It is
caused by a complex process involving disc degeneration, facet
arthropathy, ligamentum ﬂavum hypertrophy, and spondylolis-
thesis. Patients usually show radicular pain and neurogenic clau-
dication6, which can be unresponsive to conservative therapy. The
number of patients with LSS is increasing andmany elderly patients
require surgical treatment. Approximately one in 1000 patients
aged 60 years has this problem, and the incidence increases with
age9. Conventional laminectomy is the standard treatment for LSS
and can yield satisfactory results in 56e85% of patients10,11. Over
the long term, however, laminectomy is associated with a high rate
of complications, including back pain, spinal instability, paraspinal
muscular atrophy, and even failed back syndrome9e11, as well as
relatively long hospital stays and recovery times and increased
blood loss. Between 20% and 40% of patients do not beneﬁt at all
from laminectomy. One study revealed a complication rate among
the elderly as high as 40% (12% with serious complications poten-
tially affecting quality of life, 1.4% leading to early mortality)9.
Anatomically, a loss of disc height induces subsidence and sub-
luxation of the articular processes. The superior process of the
lower vertebra then slides cephalically and anteriorly, causing the
ligamentum ﬂavum to bulge anteriorly and then compress the
nerve root12,13. Anatomical studies have shown that the diameter ofboth the spinal canal and the foramina signiﬁcantly increases in
ﬂexion and signiﬁcantly decreases in extension14e16. We found that
regardless of patient age, symptom relief on forward ﬂexion is an
important factor in the prognosis for IPD implantation. A signiﬁcant
improvement in pain VAS score was observed postoperatively in
the subgroup with symptom relief on forward ﬂexion. Patients
noted a signiﬁcant decrease in pain (p < 0.05), and further discrete
improvements in symptoms were evident. Differences between the
Coﬂex and DIAM IPD types were not signiﬁcant. We found that
discectomy was effective in alleviating neurogenic pain. According
to this result, discectomy seems to be a suitable treatment for LSS.
We further analyzed the relationship between symptom relief on
forward ﬂexion and discectomy. Two weeks after surgery, pain
levels decreased more for the discectomy subgroup than for the
subgroup without discectomy. However, the results changed after 3
months. Patients without discectomy felt better after 3 months.
Nevertheless, surgery in both subgroups was a success. We were
unable to ﬁnd any reports on why discectomy could rapidly release
compression and pain, yet worsen after 3 months. The results
indicate that discectomy could minimize damage for patients
whose symptoms disappear on forward ﬂexion. Design of a pro-
spective study to address this issue would be desirable.
Hsu et al reported that the effects of IPD were signiﬁcantly
better than nonoperative therapy in improving the quality of life of
patients with LSS17. These results are comparable to those of other
J.-F. Lin, C.-C. Tsai230studies involving traditional decompressive techniques for LSS and
suggest that IPD implantation is an effective treatment compared
with nonoperative and conventional surgical therapies17,18. A coste
beneﬁt analysis of laminectomy, interspinous decompression, and
nonoperative treatment for patients with LSS revealed that lumbar
laminectomy seems to be the most cost-effective strategy for pa-
tients with symptomatic LSS19. Possible beneﬁts and complications
for patients must be considered before performing laminectomy
and/or discectomy with IPD implantation. We found that patients
who showed symptom relief on forward ﬂexion fared the best. For
Grade I spondylolisthesis, there was no indication that patients
could beneﬁt further from IPD, although the number of patients for
this analysis was small. Because the results for patients with Grade I
spondylolisthesis were inconclusive, we have stopped using IPDs
for these patients. Overall, the effectiveness and safety of these IPDs
provide a minimally invasive method for relief of LSS complaints in
a high proportion of patients.
This study was limited to a short-term follow-up period of 3
months. Since there are insufﬁcient results for Coﬂex and DIAM
devices,moredata are required to conduct amoredetailed follow-up
study. We hope to obtain further data from a multicenter random-
ized controlled study to deﬁne the indications for IPD implantation.
5. Conclusion
IPD implantation is a good alternative to decompression surgery
for elderly patients who have LSS and symptom relief on forward
ﬂexion. Further prospective, controlled, randomized studies
comparing IPD with decompression surgery are required to clearly
deﬁne indications and to predict long-term results. Our results
conﬁrm that additional placement of Coﬂex and DIAM IPDs is a safe
procedure.
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